',\' frontiers

in Pharmacology

ORIGINAL RESEARCH
published: 12 February 2018
doi: 10.3389/fphar.2018.00099

OPEN ACCESS

Edited by:

Con Stough,

Swinburne University of Technology,
Australia

Reviewed by:

Edward John Ogden,

Swinburne University of Technology,
Australia

Jose M. Trigo,

Centre for Addiction and Mental
Health, Canada

*Correspondence:
Sorin Hostiuc
soraer@gmail.com;
sorin.hostiuc@umfcd.ro

T These authors have contributed
equally to this work.

Specialty section:

This article was submitted to
Neuropharmacology,

a section of the journal
Frontiers in Pharmacology

Received: 17 August 2017
Accepted: 29 January 2018
Published: 12 February 2018

Citation:

Hostiuc S, Moldoveanu A, Negoi |
and Drima E (2018) The Association
of Unfavorable Traffic Events

and Cannabis Usage:

A Meta-Analysis.

Front. Pharmacol. 9:99.

doi: 10.3389/fohar.2018.00099

®

Check for
updates

The Association of Unfavorable
Traffic Events and Cannabis Usage:
A Meta-Analysis

Sorin Hostiuc'*t, Alin Moldoveanu?, lonut Negoi®* and Eduard Drima#*°

" Department of Legal Medicine and Bioethics, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania,

2 Faculty of Automatic Control and Computers, Polytechnic University of Bucharest, Bucharest, Romania, * Department of
Surgery, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania, * Clinical-Medical Department, Faculty of
Medicine and Pharmacy, University Dunarea de Jos, Galati, Romania, ° Galai Psychiatry Hospital, Galati, Romania

Background: In the last years were published many epidemiological articles aiming to
link driving under the influence of cannabis (DUIC) with the risk of various unfavorable
traffic events (UTEs), with sometimes contradictory results.

Aim: The primary objective of this study was to analyze whether there is a significant
association between DUIC and UTEs.

Materials and Methods: We used two meta-analytical methods to assess the
statistical significance of the effect size: random-effects model and inverse variance
heterogeneity model.

Results: Twenty-four studies were included in the meta-analysis. We obtained
significant increases in the effect size for DUIC tested through blood analysis, with an
odds ratio (OR) of 1.97 and a confidence interval (Cl) between 1.35 and 2.87; death as
an outcome, with an OR of 1.56 and a Cl between 1.16 and 2.09; and case—control as
the type of study, with an OR of 1.99 and a Cl between 1.05 and 3.80. Publication bias
was very high.

Conclusion: Our analysis suggests that the overall effect size for DUIC on UTEs
is not statistically significant, but there are significant differences obtained through
subgroup analysis. This result might be caused by either methodological flaws (which
are often encountered in articles on this topic), the indiscriminate employment of the
term “cannabis use,” or an actual absence of an adverse effect. When a driver is
found, in traffic, with a positive reaction suggesting cannabis use, the result should be
corroborated by either objective data regarding marijuana usage (like blood analyses,
with clear cut-off values), or a clinical assessment of the impairment, before establishing
his/her fitness to drive.

Keywords: cannabis, driving under the influence of cannabis, death, injury, collision, inverse variance
heterogeneity

INTRODUCTION

In the last years were published numerous epidemiological studies that tried to link driving under
the influence of cannabis (DUIC) with the risk of various unfavorable traffic events (UTEs) -
collision, injury, or death. Most of them had important limitations (see e.g., Gerberich et al,
2003; Laumon et al., 2005; Asbridge et al., 2014). For example, some articles did not differentiate

Frontiers in Pharmacology | www.frontiersin.org 1

February 2018 | Volume 9 | Article 99


https://www.frontiersin.org/journals/pharmacology/
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2018.00099
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fphar.2018.00099
http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2018.00099&domain=pdf&date_stamp=2018-02-12
https://www.frontiersin.org/articles/10.3389/fphar.2018.00099/full
http://loop.frontiersin.org/people/64555/overview
http://loop.frontiersin.org/people/258782/overview
http://loop.frontiersin.org/people/209777/overview
http://loop.frontiersin.org/people/339081/overview
https://www.frontiersin.org/journals/pharmacology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Hostiuc et al.

Driving under the Influence of Cannabis

between testing for tetrahydrocannabinol (THC) and its
core metabolite — 11-Nor-9-carboxy- A°-tetrahydrocannabinol
(THC-COOH) (Laumon et al., 2005). THC-COOH is formed
through the hepatic oxidation of the active metabolite, after
which is conjugated with glucuronide (Skopp and Pétsch,
2002), resulting in a water-soluble substance that can be easily
excreted (Law et al, 1984). Unlike THC, which has a half-
life of about 7 h (Bédard et al., 2007), THC-COOH can
be detected in body fluids and may give a positive test for
cannabis use for several days (or even weeks in heavy users),
even though the active component is absent (Ashton, 2001),
leading to a false belief that the person is DUIC. Additionally,
in the terminal elimination phase of the metabolite, a single
subject may produce consecutive specimens that could be
tested positive, negative, and again positive, making it very
hard to differentiate a new episode of consumption from a
previous cannabis exposure (Goodwin et al., 2008). There is
always some delay between UTE and the moment of collecting
biological samples, which makes the simple determination of
the relationship between cannabis use and collision risk very
difficult.

Many studies analyzed the association between cannabis
use and UTEs through “self-reporting” a method known to
underestimate the actual proportion of cannabis users (Gerberich
etal,, 2003; Asbridge et al., 2014), as many users tend not to report
consumption of an illegal substance. Also, it is possible that a
driver may have a positive result for cannabis, be involved in a
car crash, but not be in an impaired driving status. Some studies
evaluated the association between DUIC and UTE through
epidemiological surveys, other used public datasets, culpability
studies, or case-control studies. Some articles analyzed the
association between previous use of cannabis and the risk of
traffic events, showing an increased risk (Blows et al., 2005;
Mann et al, 2007; Terry-McElrath et al, 2014) while other
reached inconclusive results (Gerberich et al, 2003; Asbridge
etal., 2014).

Also, three recent meta-analyses tried to summarize the effect
size of DUIC (Asbridge et al., 2012; Li et al., 2012; Rogeberg and
Elvik, 2016) and suggested that the risk of UTEs is increased
by cannabis (Asbridge et al., 2012; Li et al., 2012; Rogeberg and
Elvik, 2016) used a random-effect model to assess the effect size
of cannabis use on UTEs, but they failed to provide prediction
intervals (PI) for their values. Rogeberg and Elvik (2016) used a
meta-regression model for estimating the publication bias, which
was one of the objectives of our study.

Aim
The primary objective of this study was to analyze whether there
is a significant association between DUIC and UTEs.

Secondary objectives:

(1) To test whether DUIC is associated with an increased
risk of unfavorable driving-related outcomes compared to
chronic cannabis use, based on recent published literature
(after 2000).

(2) To test whether publishing bias is significant in studies
dealing with cannabis use in drivers.

(3) To see whether the self-reported use of cannabis during
driving leads to an under-reporting of the actual cannabis
use while driving.

MATERIALS AND METHODS

The study was performed by following PRISMA and MOOSE
guidelines for reporting systematic reviews and meta-analyses of
observational studies in epidemiology.

Selection Criteria

Inclusion criteria: (1) observational studies, with control or
comparison group, published after 2000, in which cannabis usage
was associated with UTEs. We used as exclusion criteria: (1)
the absence of relevant information to reconstruct the data
needed for the analysis, (2) case series and studies without a
control group, (4) studies not published in English, and (5)
studies not published as scientific articles. Cannabis use was
assessed by detection of THC in blood, metabolites in urine or
saliva, or through self-report of cannabis use previous to the car
crash. Chronic cannabis use was assessed through self-reports.
Chronicity was taken directly from the studies, and its assessment
was, therefore, author-specific.

Search Method

We analyzed the results obtained from three databases: ISI
Web of Science, Pubmed, and Scopus. For Pubmed, we used
the following keywords: accidents, traffic [MeSH Terms] OR
motor vehicle [MeSH Terms] OR collision [MeSH Terms]
AND cannabi* OR marijuana [MeSH Terms] OR THC [MeSH
Terms]. For Scopus and Web of Science, we used similar
keywords, depending on the specifics of each database. We
preferred not using additional restrictive criteria like article type
because some other varieties (reviews, case presentations, letters
to the editor) were considered as potentially adding relevant
information to the meta-analysis (discussions, finding other
relevant articles).

Data Collection and Analysis

For selected studies, two reviewers extracted the data separately
and included it in Excel datasheets. We summarized the
following information: study, year, the total number of cases,
country, type of study, type of consumption (acute/chronic),
methods of detecting cannabis use, interferences with drinking
alcoholic beverages, outcome, mean age and sex ratio for
each group, and statistical data. We used the following
types of information (in the preferred order): case—control
2 x 2 data, OR and CI, OR (In(OR)) and SE, or RR.
We transformed RR to OR by using the following formula:
OR = RR(1—p)/(1—pRR), where p was the prevalence of
cannabis use in that country, taken from the EMCDDA
datasheets for Europe or CAS/CADUMS database for Canada.
The agreement rate between researchers was 94%. Where
we found discrepancies, the issues were analyzed by a third
reviewer.
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The Risk of Bias

The risk of bias was assessed separately for each case, at a study
level, and it was included in the quality assessment. We included
selection bias, multiple publication biases (reason for removing
two articles from the meta-analysis), and sampling bias.

The Quality Assessment

The quality assessment included the examination of the ensuing
data: (1) number of cases (including the ratio cases/controls);
(2) the type of study; (3) usefulness of data (a good
identification of adjusted, and non-adjusted odds ratios (ORs),
clear differentiation between DUIC and previous cannabis use,
differentiation of cannabis usage alone from cannabis with
other drugs, blood sampling versus self-reports); (4) recruitment
strategy; (5) a clear differentiation between cannabis and alcohol
use in the study; (6) methods of detecting cannabis; (7) external
validity; and (8) a proper assessment of the limits of the
study.

Based on the elements mentioned above, we drafted a 21
points scale that we used to separate the studies into high-
quality, medium-quality, and low-quality. We obtained the score
for each study by dividing the obtained value by 21. We then
considered as (1) high-quality studies those whose score was
above mean + standard deviation; (2) medium-quality those
whose score was between mean — standard deviation and
mean + standard deviation; (3) low-quality those whose score
was below mean — standard deviation. The scale was computed
separately by two researchers. The agreement rate between

researchers was 89%. All differences in evaluating the quality of
a study were analyzed by a third reviewer.

Statistical Analysis

We determined the effect size in all cases using a random-
effects model computed in Microsoft Excel 2013 with MetaXL
package and verified by using CMA v2 software. For each group
and subgroup, we performed a forest plot. For the analysis of
publication bias, depending on the type of sub-analysis, we used
the following: funnel plot, Rosenthals fail-safe N, and Duval and
Tweedy’s Trim and Fill technique. For comparison of the effect
size between two groups, we used the Z-test method. PI and the
comparison of the effect size between groups were performed
by using Microsoft Excel 2013. We also computed the effect
size using a novel method that was developed specifically to
reduce heterogeneity and aimed to replace the random-effects
model, namely the inverse variance heterogeneity (IVhet). The
model was constructed using Microsoft Excel 2013 with MetaXL
package. We used 95% confidence and PIs; we considered a
p-value <0.05 to be statistically significant; and an effect size to be
small at OR values of around 1.44, medium at OR values around
2.47, and large at OR values around 4.25.

RESULTS

Search Synthesis
We obtained 1878 results from which, after deleting duplicate
and irrelevant studies, and analyzing the type of paper and

FIGURE 1 | Search synthesis.

Frontiers in Pharmacology | www.frontiersin.org

February 2018 | Volume 9 | Article 99


https://www.frontiersin.org/journals/pharmacology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Driving under the Influence of Cannabis

Hostiuc et al.

(ponunuoD)
slosn pieliele] puejpez 8002 ‘e 1
ApmiS Juswdolenag pue YyesH yainyoisuyD ayi Buunp ‘Hodau-jlos podal-jles SIqeuUed ‘sionlg  aAloadsoley 9e6 MaN 8002 uossnbie
OHL |w/Bu ¥ JO JO-1nd B Yyum ‘AesSse yS| 3 ue eAles sdnoib [BUOI08S LL0Z “e1e
ybnoJyy pazAjeue s1s81 eAIleS UO 8sn euen(uew Jo Bulueslog ‘podei-}es ‘vodai-}es Anluy SNoUeA ‘sienuq -Ss0I) 609 lzeig 1102 uog eq
SN SIgqeuueD Jo |04}u00 €00¢ " 1e
podal-j|les yodai-es ISI10D AIO1ISIY B YIM SIBALQ asen 8G/ epeue) €002 uewdiyo
SyuoW Z | 1se| 8y} ul 8sn euen|uew Jo Aousnbaiy
8y} IN0ge payse alem s109(aNs 8y} — asn [en}icey 1o} (UYSe.O 8y} O}
Joud y ¢ ey} ul euenfuew Jo ebesn :suopsenb omy ybnoiyy pauiuielep
Sem asn euen(luey "PauleIgo aiem (Dyg Se Yyons) UOITeuLIOU] JUBAS[al
pUB ‘paulLEXe 8JoM SOSED 8Uj} JO SpJ0dal [eolpaw 8y “Buldwes euenfuew
J8ISN[O Wopues YBNnoiy} pajosies aem S[oQu0D "Paj| JO ‘seunful yum Buisn Jsye y g uiyum
pazijeydsoy sem uosiad auO }SES| 1B aJaUM SBUSEIO Ul POAJOAUI SJED |[B BulAup ‘seyselo |0U00 (285/239) puejeez 5002 e 10
SE paulep alem sa|dlyan ase)) "alreuuonssnb passisiuipe suoydsie) vodai-jes  yresp/Anlu| Ul PBAJOAUL ‘SIBALIQ asen B6GL L MBN G002 smolg
yselo ey}
0 JO UONBIIUBOUOD [OYOD[E B Pey PUE SIGEUUED 10} Pa}se} 0} Uoljejal Ul pepiooal
usaQ pey oyMm ‘suoiioe BUIALP Yons INOYIM S108[0Ns SNSIBA USEID uonoe BuiAp
8y} 0} Uofe|el Ul Jeplodel uonoe BuiALp ajesun Ajjenusiod auo 1ses) soseqerep ayesun Ajenusiod auo |0J3U0D 2002 “le1e
Je Py Oum SIBNLP 10} (€002-E66 H) oSeqeIep S 8ul Jo uoleBousu| [BIOWO yreaq 1SE9| 1B Yum ‘sianlq 8sed £v5'ce epeue) 2002 prepsg
asn
Busiees-djey pue ‘yiesy [eyusl ‘sejni [0oyos euen(uew d1uoiyd Jo (828/796°L
‘Buliquueb ‘esn 8oUEISgNS ‘JUBWILOIIAUS [e100Ss ‘solydesBousp Inoge euen(uew Buisn Jeye /LBLE) G002 ‘e 1
uolreuliojul Buiisenbes swiay 0O | Bulureuod asreuuonsenb pepodal-fes podal-jles uoIsljoD y | uiyum Buinug Kenins £€09 epeue) 5002 abpugsy
(LIdN) 1saL uopedyueap| siepiosig
as siqeuue) 8y} pue (1|any) 1saL uoieoyusp| sieplosiq osn
|0Yo2Jy 8u1 Ybnouyy painsesw asn |njwey Buipnjoul ‘syiuow g jsed ey}
JOAO 8SN 80UBISgNS JO suleped [ensn pazAjeue Lodai-jjog ‘eures0d pue
‘souldezeipozusq ‘UoeU8dU0D [OYOD[E :SIopunojuo) ‘|w/bBu g 0 sem
UOJ}0818p JO JWI| &Y UOISII0 8U} JO Y 9 Ulyim juswipredsp Aousbiows podal-jles SUOoIS|||00 |0JJU0D 7102 “[e 10
B} 0} SWED JSALP BUj} JI POOIQ Ul PaINSEaW SEM 8}I[00elsW DH L SAIOY ‘pooig Anfu Ul POAJOAUL SJBALQ ase) 098 epeue) 7102 abpuagsy
ejep ubisep ozis eale
s|ieyap uono9leq joadAl swooINQ sase) Apnig o|dweg |eoiydeiboory JBoA aoualajey

"SISAeuE-E18W @Y} Ul PapNjoul SSIPNIS U} JO SISBUIUAS | | 318V

February 2018 | Volume 9 | Article 99

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Driving under the Influence of Cannabis

Hostiuc et al.

(penupuo))
SIN-09
UIM 8UOP SeM UOIBUIIUOD pue ABSSeountll 9WAZUS YIm suop
SEeM WNJss Ul Buiusalos Bnig "SIN-09 UM pauiuoo pue anbiuyosy |0J}U0O (918/011) 002 “'[e 1@
AResseounwiwl| pajdilnw swAzus Ue Yim pauaaios aiom sajdwes auun poojg/euln SJoAUp painfu —oseD) 926 spuepayieN 002 Birno
sigqeuued ¢l0c
seJreuuonsenb peseg-mainielul ybnoiyy pepodei-jos yodal-jles uolsl|loD BuiwNsuod ‘sienLq Aening /S8 ueisped 2102 “re1e N
euen|uew Buisn
Joye Y | uiyum Buiaup 2002
salieuuonsanb paseg-suoydse} ybnoiy ‘papodal-jles yodal-jles uolsl|loD ‘sJjasn siqeuue) Aening 9/92 epeue) 1,002 “Ie 10 Uue
|w/Bu
IOW JO |'g pue ‘Bu g—|'| ‘sse|Jo Bu | ‘@al) Brup Olul pepIAIp Sem |0U00  (2£6/8501) 000z ‘e 1w
UOIFBIU82U0D DH1 "HOOD-DOHL PUe DH. 40} palsal sejdules poolg poo|g Anfu sJeAUp a|gedinD ase) G/6L Bllensny 0002 oBuoT
sanbjuyoey Ayewolioads pue AydesBorewosyd ybnoayy Uoieuuod
10} pezAfeue Usy} pue ABSSE JUSCIOSOUNWILI PaXUI-BWAZUS
a1 ybnouy} sBnJp Jo} pausalds 1sii alem yolym ‘sejdwes
pInbi| [eJ0 Pasn aiem S|0JUOD J0H “Bnbiuyos) Aesseounwiwiolpel pue
‘Aypuionoads ssew ‘AydesBorewosyo seb/pinbl ybnoiyy suswioads enles |03U0D 6122/2€2) c10g
auuN Jo/pue poolq Buisn pawiopad aiem sased 1o} sise) Bnig /auLn/poolg yeaq sJoAUp painful Alere asen feletrze] S91E1S PauN €102 “lein
[0U00  (900€£/99.29) 5002 “le 10
|w/Bu | — QHL 40} J0-1nD "SIN-05 AgQ pawlopad sesAeue poolg poo|g yreaq SJaAUP painul Aleyeq aseD 2,16 9oUeBI4 5002 uowne
w/Bu | [oQuod  (89/2//€€) cLog e e
— DHL 10} Jo-1ND "SIN-DH paieplen Ag pawiopad sesAjleue poolg pooig Anluj SIoAUp paziendsoH asen G608 wniBleg 2102 sladAnyy
SpueleyieN
‘eluenuir
‘Arey
spoyiew Juspusdap-A1unod ‘sprewusq
Buisn ‘(seseo) sfeudsoy syl ul pajdues sem poojq PUe (S|0Jiuod) [SIENN e} |0J1U00 ‘puejuiy €10¢
apIS PEOJ BU} 1B PB108||00 alem SejdWes poo|q Jo/pue piny [edO pooja/enles Anfu painul Ajpienes ase) 22881 ‘wniBleg 102 “|e 10 sjeH
poojq Ut w/Bu 9’0 Sem OH 40} senfeA Jo-nd &y "SIN-O71
10 (SIN-0D) uonoslep Adoosouoads ssew yum Aydesoyewosyd seb
Buisn payiuenb pue pauwluod aiem sBulpuy Bnig Aep | ueyl aiow
SeM U1esp pue JUsplooe Usamiag asde| Wil 8y} )i PapNjoXe 81om sesen)
“(HIN) UyesH olland 40 einyisu| ueiBemION 8y} Je sBnip Jo |oyoore [0u0d  (0¥S*01/702) LLOZ “le 1o
JO sisAjeue [e0160j00IX0} DISUSIOJ IO} PaILLgNS sejdues poojq uo eyed poo|g yreaq pain(ul Ajfee} ‘sienlLq aseD vy, 0L AemuoN 1102 oplalD
ejep uBisap azis eale
s|ieyap uonoaeg Jo adAL awoo1n0 sase) Apmis o|dweg |eaiydesboan Jeap ERIEYETEH

penuiuoD | + 371avL

February 2018 | Volume 9 | Article 99

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Driving under the Influence of Cannabis

Juspuadep

‘Seyselo Ul POAJOAU 1oyoo 5002 e 19

SIqeuueD Jo asn pauodel-j|eg podes-jleg  uoIsljoD SIOSN SIqBUUBR)  BAI0ads0IeY 0ze elesny 5002 seuor

Iw/Bu G0 :OHL 404 JO-IND "HOOD-OHL PUe ‘OHL-HO-L | ‘OHL pooiq |0Ju0d 6002

1O} PBUBBIOS Blom S108[0NS "YSelD Jed e 8I0jeq | 9 ‘esn papodal-jjes ‘vodei-jles Ainfuy SIOAUP painful —-ase) 98y puepezZIMS 6002 “le 18 e
asn

euen(uew Jo susened
s|qeUen ‘sieah gi—-G 1
pabe weliboid

8SN JUaLIND pUB ‘9sn JaWwlo) ‘osn oueINSUl [eoIpa yoyoo  (s9r9/881) £002 e 10
[elusWLIBdXe ‘@sn Janau Ul PaISSEID SE ‘esn euen(iew Jo podal-|es yodai-jeg  uoIsljoD B JO sloquial\  BAloadsoley /G9'v9 S91e1S pPaluN €002 youeguen)
|03U00 (678/002) 6002 “[e 19
jw/Bu OG Jo-1Nd ‘SN-0O ybnoiyy pelsel ‘sejdwies auin auun Ainfuj SJoALP painful —ase) 6101 puejey 6002 Jeleuejelon
7102 “[e1e
Hoyood Uredi3on
SYJUOW Z | 1Se| 8y} Ul euen(UBwW JO 8sN-48s INoge suonsany podas-jles  uoIsljoD SJOSN SIqEUUBR)  ©A0ads0IY €502/ SO1BIS PaNuN 102 EVIETR
saseqelep [0QU0D  (72HE/99L ) 7L0g e 10
8002-200¢ ‘ssedelep SuvA [EIOWO Aanluy S1anUp painlu —oseD 0619 S8jelS pauN ¥102 ouewloy
SIoju8d
JusWeaI}-uoU
WIOJ} PaUNIOal siasn |013U0D Loz “ew
yseso Jed e 0} Joud ulw 0g | pue 09 ‘ebesn papodal-jles pyodai-}les Ainfu oued09 Jenbey —oseD £0S uredg 1102 oplind

lw/Bu | :OHL 10} JO-IND *OT1dH/SIN-09D Uim

HOOO-OHL PUe "OH1-HO- |+ “OHL 10} paussIos aiem s}08lans "yseso |013U0O (006/006) €00¢

JedeJaye y 6’0 F 8L 4o awi ebelane ue yym usse) ‘sejdwes poolg pooilg Ainfu SJOALIP painfu) —oseD 0081 oouel €002 “le 19 e
elep uBisap azis eale

s|ieyap uonoaleg Jo adf] swo21nQ sase) Apnis o|dweg |eaiydesboarn JBeaA 29ouai9)ey

Hostiuc et al.

penuiuoD | + 371avL

February 2018 | Volume 9 | Article 99

Frontiers in Pharmacology | www.frontiersin.org



https://www.frontiersin.org/journals/pharmacology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Hostiuc et al.

Driving under the Influence of Cannabis

050 —

040 I I II
om II IIIIH IHII

FIGURE 2 | Quality assessment.

abstracts (if available), we selected 57 articles. They were
downloaded and analyzed further. Scrutinizing the references
of these 57 articles, we identified three more relevant papers.
From the total number of 60 articles, we selected 24 for
the current study, which completely respected the inclusion
criteria and were encompassed in the meta-analysis. Details
are presented in Figure 1. We only selected studies published
as scientific articles, as one of the objectives of this study
was to assess publication bias. We detailed the papers
included in the analysis in Table 1. If two articles contained
overlapping data, the newest article was removed from the
analysis.

Quality Assessment
The final mean score was 0.62 and the standard deviation was
0.19. The distribution of the quality scores is shown in Figure 2.

Driving under the Influence of Cannabis
Unadjusted

Twenty-three studies contained unadjusted data about DUIC
(Figure 3). The effect size was mild, with OR = 1.889,
CI = (1.580-2.258) and a PI between 0.92 and 3.84, not
statistically significant (PI overlapped the value 1).

By analyzing the funnel plot (Figure 4) of this distribution,
we saw an increased asymmetry number of cases outside the
funnel, implying a potential publication bias. The Rosenthal fail-
safe N gave a Z-value of 19.01 (p < 0.001), being needed 2143
missing studies to bring the p-value over alpha (1.96). The Duval
and Tweedie’s Trim and Fill method adjusted the OR to 1.21
(1.01-1.44). The effect size, as computed using the IVhet method,
was 1.12 (0.59-2.12).

Driving under the Influence of
Cannabis-Blood Analysis

Ten studies included data that allowed us to reconstruct a proper
methodological blood analysis of the samples taken from drivers
(Longo et al.,, 2000; Movig et al., 2004; Laumon et al., 2005;
Mura et al., 2006; Gmel et al., 2009; Gjerde et al., 2011; Kuypers
et al., 2012; Hels et al., 2013; Li et al., 2013; Asbridge et al,
2014). By including them in the analysis, we found a modest
increase in the OR to 1.97, CI = (1.35-2.87), with a PI of 0.59-
6.49 (Figure 5). The effect size difference between the values
obtained for “DUIC-unadjusted” and “DUIC-blood analysis”
was not statistically significant (Zgig = —0.19, p = 0.84). The
Rosenthal fail-safe N had a Z-score of 3.18 (p < 0.001), suggesting
that there should be added 171 missing studies to bring the
p-value over alpha (1.96). The Duval and Tweedie’s Trim and
Fill method did not adjust the OR (no studies were trimmed).
The effect size, as computed using the IVhet method, was 2.01
(1.23-3.29).

Chronic Cannabis Use

Five studies had data about the effect of chronic marijuana use
in relation with UTEs (see Figure 6 for details). By including
them in the analysis, we found an OR value that was similar
to the one associated with DUIC 1.75, a CI between 1.21 and
2.53, and a PI between 0.46 and 6.6. The effect size difference
between the values obtained for DUIC and chronic use was
not significant (Zgg = —0.36, p = 0.71). Similarly, the effect
size difference between the values obtained for DUIC-blood
analysis and chronic cannabis use was not statistically significant
(Zgig = —0.99, p = 0.32). The Duval and Tweedie’s Trim and
Fill method decreased the OR to 1.02 (0.71-1.47). The effect
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studies by outcome

Study or Subgroup . OR(95%Cl) % Weight
Collision

Asbridge, 2005 184 (107,317) 447
Fergusson, 2008 +a— 241 (166, 349) 573
Mann, 2007 —_— 389 (230, 658) 459
Mir, 2012 Ho— 155 (097, 250) 495
Terry, 2014 » 111 (111, 112) 762
Jones, 2005 210 (1,10, 401) 381
Collision subgroup P o= 195 (124, 305) 31,17

Q=47,06, p=0,00, 12=89%

Injury
Asbridge, 2014 —_— 411 (198 853) 336
Blows, 2005 1140 (364,3575) 185
De Boni, 2011 372 (1,12,1235) 1,72
Hels, 2013 —— 184 (1,18, 287) 518
Kuypers, 2012 12,10 ( 362,4044) 1,70
Longo, 2000 - 082 ( 045 149) 411
Movig, 2004 151 (079, 289) 380
Mura, 2003 - 250 (149, 418) 467
Puiido, 2011 583 (1240,14,14) 265
Woratanarat, 2009 085 (029, 250) 200
Gerberich, 2003 - 135 (1,16, 157) 723
Gmel, 2009 - 033 (012 091) 219
Injury subgroup <> 216 (142, 328) 4046

Q=62,00, p=0,00, 12=82%

Death
Bedard, 2007 [ 139 (125, 154) 743
Gierde, 2011 190 (028,1284) 078
Laumon, 2005 —o— 237 (189, 297) 679
Li, 2013 - 1,83 ( 140, 240) 648
Romano, 2014 - 155 (125, 192) 688
Death subgroup @ 173 (1136, 219) 2837

Q=19,26, p=0,00, 12=79%

Overall L 3 1,89 (158, 226) 100,00
Q=216,59, p=0,00, 12=90%

FIGURE 3 | Forrest plot. Studies grouped by outcome (RE Model).
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FIGURE 4 | Funnel plot — unadjusted.
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DUIC_Blood
Study ES (95% Cl) % Weight
Asbridge, 2014 12.00 ( 3.70,38.91) 6.2
Gierde, 2011 1.90 ( 0.28,12.84) 3.1
Gmel, 2009 | W | 033 (012, 091) 74
Hels, 2013 -— 1.84 ( 1.18, 2.87) 13.0
Kuypers, 2012 12.10 ( 3.62,40.44) 6.0
Laumon, 2005 = 2.37 (1 1.89, 2.97) 15.1
Li, 2013 = 1.83 ( 1.40, 2.40) 147
Longo, 2000 L& 0.82 ( 045, 1.49) 114
Movig, 2004 1 151 ( 0.79, 2.89) 10.8
Mura, 2003 - 250 ( 149, 4.18) 123
Overall 0 1.97 ( 1.35, 2.87) 100.0
Q=42.16, p=0.00, I2=79%
0 8.1 16.2 243 324 405
ES
FIGURE 5 | Forrest plot. Studies that estimated DUIC through blood analysis (RE Model).
Chronic cannabis use
Study ES (95% CI) % Weight
Asbridge, 2005 * 1,14 ( 085, 152) 2237
Blows, 2005 ——| 12,70 ( 5,29,30,52) 10,58
Mann, 2007 | | 425 ( 245, 736) 16,52
Terry, 2014 1,02 ( 1,02, 1,02) 25,92
Gerberich, 2003 1,07 ( 091, 1,27) 24,60
Overall | § 1,75 ( 1,21, 2,53) 100,00
Q=58,78, p=0,00, 12=93%
0 10 20 30
ES
FIGURE 6 | Forrest plot. Studies that estimated chronic cannabis use in drivers (RE Model).

size, as computed using the IVhet method, was 1.02 (0.49-
2.11).

DUIC through Self-Reports

Eight studies included information about the effect size of
DUIC, as presented through self-reports and UTEs (see
Figure 7 for details). By including them in the analysis,
we obtained an OR of 1.94 (1.26-2.99) and a PI between
0.45 and 8.34. The effect size difference between DUIC-blood
analyses and DUIC through self-reports was not statistically
significant (Zgir = —0.05, p = 0.95). The Rosenthal fail-safe
N had a Z-score of 15.87 (p < 0.001), suggesting that there
should be added 518 missing studies to bring the p-value
over alpha (1.96). The Duval and Tweedies Trim and Fill
method decreased the OR to 1.22 (0.81-1.82). The effect
size, as computed using the IVhet method, was 1.12 (0.38-
3.30).

DUIC with THC Blood Levels Over
0.5 ng/ml

Three studies contained data about the effect size of DUIC with
THC blood levels above 0.5 ng/ml on UTEs (Laumon et al,
2005; Gmel et al, 2009; Kuypers et al., 2012). By including
them in the analysis, we obtained an OR of 2.085 (0.35-
12.43) and a PI between 0.0000001 and 6107085547. The effect
size, as computed using the IVhet method, was 2.28 (0.22-
23.82).

Effect Size of the DUIC Depending on the
Outcome

The forest plot of the subgroup analysis is presented in Figure 3.
A comparison of the other statistical parameters is presented in
Table 2. For collision or injury as outcomes, the effect was not
statistically significant. For death, the effect size was statistically
significant using the IVhet method (1.56, CI = 1.16-2.09).
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DUIC through self-reports
Study | - ES (95% CI) % Weight
Asbridge, 2014 J— 058 ( 0,23, 147) 921
Asbridge, 2005 | Hm— 1,84 ( 1,07, 3117) 12,78
Fergusson, 2008 - 241 ( 1,66, 349) 1430
Mann, 2007 —- 3,89 (230, 658) 1294
Mir, 2012 | W 1,85 ( 0,97, 250) 13,40
Pulido, 2011 L 583 ( 2,40,1414) 960
Terry, 2014 | m 1,11 ( 1,11, 1,12) 15,98
Jones, 2005 | Hm— 210 ( 1,10, 401) 11,79
Overall ’ 1,94 ( 1,26, 2,99) 100,00
Q=62,35, p=0,00, 12=89%
0 5 10
ES
FIGURE 7 | Forrest plot. Studies that estimated DUIC through self-reports (RE Model).
TABLE 2 | Effect sizes depending on the outcome (italics — statistically significant increase in the effect size).
Outcome Random-effect model Trim and Fill IVhet
OR Cl Pl Adjusted OR Cl OR Cl
Collision 1.95 1.24-3.05 0.41-9.20 1.22 0.82-1.81 1.12 0.41-3.08
Injury 2.16 1.41-3.28 0.50-9.3 1.47 0.94-2.29 1.54 0.66-3.59
Death 1.73 1.36-2.19 0.77-3.84 1.43 1.12-1.83 1.56 1.16-2.09
TABLE 3 | Effect sizes depending on the type of studly (italics — statistically significant increase in the effect size).
Type of study Random-effect model Trim and Fill IVhet
OR Cl PI Adjusted OR Cl OR Cl
Case—control 1.951 1.51-2.51 0.82-4.63 1.58 1.20-2.07 1.99 1.05-3.80
Other types 1.81 1.38-2.39 0.78-4.21 1.16 0.91-1.51 1.13 0.39-3.27

Effect Size of the DUIC Based on the
Type of Study

The comparison of effect size based on the type of study
is presented in Table 3. We assessed retrospective, cross-
survey, and survey studies together due to their low
number. Neither had statistically significant effect sizes
as obtained using the random-effects model separately.
From Table 3 we see that case-control studies have a
significantly increased effect size using IVHet (IVHet = 1.99,
CI = 1.05-3.80).

Effect Size Considering Adjustments
Made by Authors to the OR

In 12 studies, the authors adjusted the OR value for various
confounding variables (see Figure 8 for details). By including
them in the analysis, we found an OR value of 1.42 with a CI
between 1.19 and 1.71 and a PI between 0.85 and 3.6. The Duval
and Tweedie’s Trim and Fill method decreased the OR to 1.19

(0.99-1.42). The effect size, as computed using the IVHet method,
was 1.09 (0.73-1.62).

DISCUSSION

The association between DUIC and the risk of road traffic
events was intensely studied before (Williams et al., 1985;
Ramaekers et al., 2004; Mura et al., 2006; Turner, 2007; Romano
and Voas, 2011; Pickett et al., 2012; Poulsen et al., 2012; Li
et al,, 2013; Rossheim et al., 2014; Terry-McElrath et al., 2014;
Urfer et al., 2014). There are several methods of assessing this
association — from experimental studies aimed to measure the
influence of THC on driving performance, to epidemiological,
culpability, or case—control studies. Although each add pieces
of information, a definite answer is difficult to obtain, as
these studies often had conflicting results and the research
methodology was regularly prone to biases. Due to these reasons,
a series of systematic reviews (e.g., Ramaekers et al., 2004) or
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Adjusted
Study ES (95% Cl) % Weight
Asbridge, 2005 239 ( 1,25, 458) 558
Bedard, 2007 1,29 ( 1,15, 1,45) 18,34
Blows, 2005 0,80 ( 0,21, 3,10) 1,64
Fergusson, 2008 1,42 ( 0,98, 2,06) 10,81
Gierde, 2011 0,90 ( 0,11, 7,69) 0,69
Hels, 2013 1291 (145, 347 | AT
Kuypers, 2012 | = 6,64 ( 0,63,69,79) 0,58
Laumon, 2005 1,78 ( 1,40, 226) 1478
Mann, 2007 261 ( 145 469) 645
Movig, 2004 122 ( 0,55, 2,72) 407
Romano, 2014 092 ( 0,60, 1,41) 951
Terry, 2014 1,08 ( 1,07, 1,09) 19,77
Overall 142 ( 1,19, 1,71) 100,00
Q=49,92, p=0,00, 12=78%
0 50
ES
FIGURE 8 | Forrest plot. Studies in which the authors provided additional adjustments to the model (RE Model).

meta-analysis (Asbridge et al., 2012; Li et al., 2012) were recently
published, which strongly suggested an association between
DUIC and UTEs.

When reporting a meta-analysis carried out using the
random-effects model, the researchers usually present the
summary effect size and its CI. These values allow us to estimate
the mean effect size and precision but not the distribution
of the true effects around the summary effect (Borenstein,
2009). Therefore, when exhibiting the result of a random-effect
meta-analysis, we should detail three pieces of information: mean
effect size, CI, and PI. The PI shows the distribution of the
true effect sizes around the mean. Both meta-analyses (Asbridge
et al.,, 2012; Li et al., 2012), as discussed above, used a random-
effect model and obtained significant effect sizes. However,
neither reported PIs for their analyses. By including the PI in
the description of the results, we failed to obtain a significant
association between DUIC or other computed parameters and
UTEs, even if the OR and CI of our study were highly similar
to theirs. Moreover, when analyzing various subgroups, we could
not find statistical associations.

We could imagine three possible causes for the results
obtained in our study: (1) the absence of any correlation between
DUIC and UTEs; (2) a very high heterogeneity of the studies
included in the analysis, which led to a very high dispersion of the
true effect size; and (3) a lack of sensitivity of the random-effects
model for our analysis. Riley et al. (2011) argued that using PIs is
appropriate when the studies included in the meta-analysis have a
low risk of bias, which was not the case in our study (see I? values
in Figures 3, 5-8).

The heterogeneity of the results is caused both by the different
methodologies used by various studies and by the technical

difficulties in actually assessing impairment of driving associated
with cannabis use (Fischer et al., 2006; Gorun et al., 2010;
Hartman et al., 2016b). For example, it is known that the
concentration in blood of THC decreases rapidly after use, but
the clinical effects take longer to dissipate (Hartman et al., 2016a).
This, associated with the fact that sampling is done sometimes
even hours after the event, may significantly alter the results.
The metabolism of cannabinoids is highly variable in different
subjects; therefore, at the same concentration, a person may be
under the influence, while another may have normal driving
ability (Hartman et al., 2016a). There is no standardized cut-oft
for blood THC from which a person is considered under the
influence. For more details, see National Academies of Sciences
and Medicine (2017, Chapter 15).

To clarify which hypothesis is more plausible, we reanalyzed
the studies, by using a newly developed approach to
meta-analyses namely the IVHet model, which was developed
specifically to decrease heterogeneity and increase the overall
performance of the meta-analysis. Succinctly, IVHet has as key
benefits over the random-effect model the lack of penalization for
larger trials, a more conservative CI, and the fact that it exhibits
a lesser true variance irrespective of the degree of heterogeneity
(Doi et al., 2015). By using this approach, we identified a lack
of significance when including in the final analysis studies that
couldn’t quantify the actual DUIC using objective methods
(blood tests). When DUIC was properly established using
blood tests, we saw an OR suggesting a small-to-medium
effect size (by also considering the CI). Case-control studies
showed a significantly increased effect size; most likely the
primary cause is a more frequent usage of a blood test to detect
THC compared to other study designs. Also, case—control
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tests may misrepresent the actual situation in the population
from which the cases/controls were obtained, by inadvertently
pre-selecting subgroups from the population of drivers, which
are more prone to risky behaviors. For example, it is possible
that the control group was matched for age and sex with the
case group (Mura et al, 2003), not taking into account the
fact that men and younger persons tend to use cannabis more
frequently. Alternatively, it is possible that the design included
temporal patterns of obtaining controls (Asbridge et al., 2014),
not considering that cannabis use occurs more at night or
weekends (Laumon et al., 2005; Kuypers et al., 2012), when
the risk of UTE is higher. Alternatively, the controls were
matched geographically (Woratanarat et al.,, 2009), not taking
into account that usually urban areas have a higher overall usage
of cannabis compared to the countryside (Drummer et al., 2003;
Li et al, 2012), and subsequently there are differences in the
collision risk (Khorashadi et al., 2005; Zwerling et al., 2005).
Some studies specifically scrutinized for this issue and adjusted
the OR for confounding variables; by using this approach, they
obtained inconclusive results even if they initially hinted an
increased risk for cannabis users. For example, Blows et al.
(2005) showed a decrease in OR from 11.4 (3.63-35.75) to 0.8
(0.2-3.1) after adjusting for confounders. By using adjusted
ORs in a separate inquiry, we obtained results that were highly
similar with those obtained through the analysis of unadjusted
ORs.

A similar reasoning could be applied to the association
between cannabis use and death. All studies that included death
as the outcome were case-controls. Moreover, for the cases
group, intoxication status was assessed using blood analysis;
the cannabis use in control subjects was evaluated using
various methods including saliva and/or urine (Li et al., 2013).
Case-control studies in this field are known to have a high
selection bias, caused by the fact that the two groups may be
from different time periods or geographical regions, or they
might include different cannabis-detection cutoffs (Hartman and
Huestis, 2013).

Studies performed using other designs like retrospective
cohorts or surveys often suffer from the same methodological
flaws, especially preselecting participants who are more likely to
use marijuana. They also rely heavily on self-reported cannabis
use, that is known to under-represent the actual consumption
and subsequently DUIC (Asbridge et al., 2014). Therefore, a
methodology combining both types of studies would most likely
obtain results that could reveal closer estimates of the true effect
size of DUIC on UTEs.

We assessed publication bias both qualitatively (funnel plot)
and quantitatively (Rosenthal’s Fail-Safe N and Duval and
Tweety’s Trim and Fill methods). The latter were particularly
useful as they allowed us to estimate the effect size after
adjusting for publication bias. By analyzing the results obtained
through the Trim and Fill method applied to the results of
the random-effect model, we saw a sharp decrease in the effect
size in most instances (except chronic cannabis use, that was
usually used as a comparison/control group to acute exposure
in the analyzed studies). Moreover, the results were, in most
part, very close to those obtained using IVHet, suggesting that

a significant proportion of the heterogeneity encountered by the
random-effect model was caused by publication bias favoring
studies that showed a positive association between DUIC and
UTEs [see Doi and Thalib (2008) for further details].

Our analysis suggested that the effect size for unadjusted
DUIC on UTEs was not statistically significant. This result
might be caused by (1) methodological flaws, which are often
encountered in articles on this topic [for a detailed analysis
see Hartman and Huestis (2013)]; (2) the indiscriminate use
of the term cannabis use (which in our study included a wide
array of studies, including some in which the cut-off value for
this substance was below the one known to cause a significant
clinical impairment); and (3) or a true absence of a negative
effect of DUIC on UTEs. Simply identifying cannabis use in a
driver is not enough to justify the assumption of an increased
risk for UTEs. When such a result is obtained, it should be
corroborated with either quantitative data regarding cannabis
use, or a clinical assessment of the driver, before establishing his
fitness to drive.

LIMITATIONS

Many limitations were already presented in the section
“Discussion,” as they were intrinsically linked with the discussion
of the results. Additionally, there were a few other limitation, that
will be presented here. Most studies included in the meta-analysis
failed to provide detailed descriptive data. For example, many
didn’t present mean age for the case and control groups, making
it impossible to perform a meta-regression, needed to test
the degree heterogeneity explained the age of the participants.
Given that there are different types of outcomes (injury, death,
collision), the obtained data from the pooled studies might be
inconsistent — for example, some of the injury reports have long
delays from the crash to sampling limiting the detectability of
THC in blood. We used a 0.5-ng/ml value as a cut-off for some
analyses as this value was identified in a large enough number
of articles, although a higher limit (2 or even 5 ng/ml) might
have been more appropriate to test severe impairment due to
marijuana abuse. A positive test for cannabis (i.e., blood) does not
necessarily imply that drivers were impaired, as THC/metabolites
might be detected in blood a long time after impairment,
especially in chronic cannabis users, which could also induce an
important bias in the analysis of the results. The unreliability of
the self-reported studies cannot be properly tested. The literature
of cannabis and its effects on driving ability is extremely difficult
to analyze due to confounding generated by the measuring and
interpreting THC, not only experimenter bias.

CONCLUSION

Our analysis suggests that the overall effect size for DUIC on
UTEs is not statistically significant, but there are significant
differences obtained through subgroup analysis. This result
might be caused by either methodological flaws (which are
often encountered in articles on this topic), the indiscriminate
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employment of the term “cannabis use,” or an actual absence
of an adverse effect. When a driver is found, in traffic, with
a positive reaction suggesting cannabis use, the result should
be corroborated by either objective data regarding marijuana
usage (like blood analyses, with clear cut-off values), or a clinical
assessment of the impairment, before establishing his/her fitness
to drive.
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